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Abstract 
DISTRIBUTIONAL ECOLOGY OF VEGETATION MT 
THE VERNAL POOLS OF THE SANTA ROSA.PLATEAU, CALIFORNIA 
by John A. Rosario 
Luterpool distribution studies of 10 vernal pools on the Santa Rosa 
Plateau found area to be the best single predictor of species richness in 
each type of regression model evaluated. Area predicted most accurately 
in a mixed linear-curvilinear regression model (y = a + b log x). Area 
appear ad to reflect ecologic diversity, because multiple linear regression 
• mbdels provided better predictions of species richness using combinations 
of physical characteristics which excluded area from the regression equa-
tion. In addition, species turnover was demonstrated in a a ing:Le vernal 
pool that was evaluated. 
Int-apool distribution was studied along a soil moisture oicroto 
graphic gradient in a single vernal pooi on Mesa de Colorado. Plant 
species were found to be both temporally and spatially segregated. Plant 
species abundances in individual sample plots are arranged• in • an approx-
imate geometric series, with few species in each sample and dominance 
concentrated in only a few of these. 
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CHAPTER ONE 
AN INTRODUCTION TO VERNAL POOLS 
The state of California is well known among botanists and ecologists 
for its wide range of plant communities (Thorne, 1976; Barbour and Major, 
1977) and their associated flora. Many of these communities, such as the 
chaparral, are widespread throughout the state and are familiar to even the 
casual observer of nature. Other communities are more localized and gener-
ally familiar only to those who specifically seek them out. Vernal pools 
• are among those communities in the latter category, being rare and endang-
ered. They are the subject of this study. 
A vernal pool forms in a depression in the soil surface at a low point 
in the topography that receives water runoff from the surrounding areas. 
The water is held in these depressions longer than in other law areas due 
• to some subsurface feature such as a hardpan or claypan layer. This pre- 
• vents the water from percolating downward through the soil. 
Vernal pools tend to have their own unique flora. Plant species from 
the surrounding communities are generally excluded, since they lack the 
ability to cope with such prolonged saturation. Similarly, typical marsh 
plants are excluded since they cannot cope with the long, dry summers and 
the resultant pool desiccation. Because of its unique characteristics, a 
vernal pool is relatively open to those species which are adapted to alter-
nate periods of inundation and desiccation. 
The water from these pools will generally last until the summer, and 
sometimes throughout the summer, depending on the pool size, the depth, the 
initial amount of filling, and the number of times the pool is refilled. 
Pools in the study area have been observed with standing water in them as 
late as October.  
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During the summer when the pools have dried, large cracks appear in the 
mud which may extend downward almost to the hardpan layer below. The pres-
ence and depth of these mudc.acks depend on the soil texture and the extent 
of water loss by the soil. In the study area, frogs have been observed using 
these cracks, presumably for aestivation. 
Vernal pools are the result of several interdependent factors (Stebbins, 
1976). Of these, the Mediterranean climate, which characterizes a large 
part of California, is particularly important. The characteristic mild and 
wet winters followed by long and dry summers provide strikingly different 
conditions with which plants and animals must cope. It is this alternation 
of wet and dry that is primarily responsible for the normal development of 
vernal pool vegetation. 
Microtopography also plays a part in the development of some vernal 
pools. Often associated with vernal pools are small hillocks that rise 
above the soil surface. They are usually somewhat rounded and seldom more 
than ten feet in diameter (Luckenbach, 1973). These mounds are known as 
mima mounds. Between these mounds, depressions are formed which hold water 
in the winter, thus forming vernal pools. Their origin is questionable and 
is discussed in many papers (Dalqueat and Scheffer, 1942; Pewe, 1948; 
Ritchie, 1953; Arkley and Brown, 1954; Nadolski, 1974). Though these mounds 
are often associated with vernal pools they are not essential for their 
existence. In the study area no mima topography is found though certain 
topographic situations are suggestive of them. 
Microtopography is important in the development 	vernal pool vegeta- 
tion. Distribution of the plant, species appears to be related to particular 
positions along the microrelief gradiant (Lin, 19/0; Kopeck() and Lathrop, 
1975; Holland and Jain, 1977). 
Vernal pool development is affected by soils. Sandy and loamy soils do 
not allow standing water to accumulate so pool development is precluded. 
Soils with a high clay content or with a clay or hardpan are particularly 
associated with vernal pools (Stebbins, 1976; Holland and Jain, 1977). 
Vernal pools may also be found on soils associated with volcanic lava 
flows, such as on the Santa Rosa Plateau (Thorne and Lathrop, 1969) and in 
Lake and Tehama counties (Stebbins, 1976; Holland, 1978). These factors, 
and perhaps others, interact to create a unique home for many interesting 
and rare plant species. 
Vernal pools are also known as vernal ponds, vernal marshes, vernal 
lakes, hogwallows, and ephemeral ponds. Holland (1976) attempted to clari-
fy and standardize this terminology using habitat size, length of inunda-
tion, and various other physical criteria as a basis for classification 
(Table 1). Thorne (1976) was the first to designate vernal pools as a 
separate entity in a community classification scheme, calling it "vernal 
pool ephemeral", although several workers had undertaken research on vernal 
pools before this. 
One of the early studies of vernal pools was done by Purer (1939) in 
San Diego County, where she described the vernal pools and associated flora 
in that area. Since that time, there has been little work done on vernal 
pools as a community. Notable exceptions are the studies done by Lin (1970) 
and Holland (1978). Lin described the floristics and successional patterns 
in several vernal pools in the southwestern portion of the Sacramento Val-
ley. Holland's study was a biogeographical and ecological overview of the 
pools of California. Other ecological studies include Thorne and Lathrop 
(1969), Kopeck° and Lathrop (1975), Collie and Lathrop (1976) and Lathrop 
(1976), all done on the largest pool found on the Santa Rosa Plateau. 
Table I. A periodic table of vernal habitats (from Holland, 1976). 
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Apart from this, several studies of an autecological nature have been 
done on vernal pool plant residents. Ornduff (1966) has studied the system-
atics of both Lasthenia, a goldfield genus that is often associated with the 
pool periphery, and ..1:12T22,22!rma (Ornduff, 1964) another member of the 
Asteraceae also found encircling the pool perimeter. Griggs (1974) studied 
the systematics and ecology of Orcuttia and Stagg (1977) tried to determine 
the factors affecting the distribution of Orcuttia californica Vasey in the 
pools on the Santa Rosa Plateau. Crampton (1959) viewed both Orcuttia and 
Neostap119._ in relation to their habitat and morphological specialization. 
Other genera whose systematics have been elucidated include: Daaingja 
OlcVaugh, 1941; Weiler, 1964), Psilocartms_ (Cronquist, 1950), ErynOum  
(Kathias and Constance, 1941), and Callitriche (Fassett, 1951; McLaughlin, 
1974). 
Several papers have dealt with various vernal pool plant genera from 
an evolutionary point of view. Stone (1959) studied the breeding system of 
the genus Ilyosurus and the possible effect of the vernal pool habitat, with 
its varied environmental conditions, on recombination. Four vernal pool 
species (Veronica, Downingia, Lasthenia, and Boisduvalia) have been studied 
by Linhart (1972, 1974, 1976; Linhart and Baker, 1973) and he has presented 
information regardine, the adaptive strategies and population variability 
within these genera. His work has provided insightinto the effects of ex-
treme environmental conditions acting as selection pressures on .ubpopul-
tions of the same species. In addition, studies involving evolutionary and 
reproductive patterns in the genus Li nanthes have been undertaken (Brown, 
1976; Jain, 1976). 
Vernal pools then are of interest to ecologists, systematists, and bio-
geographers alike (Holland and Jain, 1977) and they may provide insights 
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into the problems of these fields, if the habitat survives. Vernal pools 
are rapidly disappearing though they were probably quite widespread and 
abundant in preceding years. Holland (1978) notes that as much as thirty to 
thirty-six percent of the soils of the Central Valley of California appear 
to have at least had the potential for supporting vernal pools, but today 
probably less than twelve percent or one-third of this potential remains, 
because of urban and agricultural encroachment. 
THE STUDY AREA 
Location 
The vernal pool study sites are located on two characteristically flat-
topped mesas in the Santa Rosa region of the Santa Ana mountains in southern 
California. The Santa Ana mountains represent 1,036 square kilometers of 
mountain area and are located about sixty-five kilometers southeast of Los 
Angeles and thirty-two kilometers from the Pacific Ocean (Pequegnat, 1951). 
This mountain range extends approximately sixty-five kilometers in a south-
easterly direction from the Santa Ana River on the north to the Temecula 
River on the south, where it runs into the more southern Peninsular ranges 
(Figure 1). 
The two mesas, Mesa de Colorado and Mesa de Burro, are located in the 
southern,portion of the Santa Ana range, on the Santa Rosa Plateau, just 
west of the town of Murrieta, and situated approximately five kilometers 
apart (Figures 2 and 3). The plateau is comprised of about 8,100 hectares 
of oak woodland, chaparral, and grassland, that is broken by broad valleys, 
intermittent streams, mesas and low hills (Snow, 1972). 
Geology  and Soils 
The central core of the Santa Ana mountains is composed of metamorphosed 
sediments with granitic intrusives, the major granitic intrusion occurring 
in the Jurassic period, The sediments are primarily Triassic limestones 
(Pequegnat, 1951). All of this is overlain by Cretaceous sandstones and 
conglomerates (Packard, 1916). 
The Santa Rosa Plateau itself was formed by lava flows, which subsequent-
ly eroded. Today one can see many resultant mesas undergirded by olivine 
• basalts (Johnston-, 1978; California Division of Mines, 1966), with Mesa de 
Colorado and Mesa de Burro being typical examples. 
The soils of the mesas belong to the Murrieta series which have devel-
oped on olivine basalt and are typically associated with lava flows. Speci-
fically, the soils are known as Murrieta stony clay loam and occur on slopes 
of two to twenty-five percent. This is a fine textured, reddish-brawn 
lateritic soil that is characterized by being moderately well drained and 
moderately fertile with slow permeability (U.S.D.A. Western Riverside Area 
Soil Survey, 1971), For a further discussion of the soils of this region 
see Snow (1972), Lathrop (1976), Lathrop and Thorne (1976a, 1976b), and 
Johnston (1978). 
• Climate 
The overall climatic condition of the study area is of the "Mediter-
ranean" type, i.e., consisting of relatively mild, wet winters and long dry 
summers. 
Rainfall generally occurs in the winter months. Snow (1972) reported 
that according to records at the Santa Rosa Ranch, between the years of 1949 
and 1971, ninety-five percent of the precipitation was recorded between the 
months of November and April. Johnston (1978) reported that sixty-eight 
percent of the rain recorded from 1974 through 1977 on Mesa de Colorado, 
Figure 1. Location map of the Santa Rosa Plateau in the Santa Ana 




Figure 2. Location map of Mesa de Colorado and Mesa de Burro showing 
their geographic relationships. The relative locations 

































Figure 3. Nesa de Colorado (top photo) and Mesa de Burro (lower photo) 
on the Santa Rosa Plateau, California. 
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occurred between December and March. During the study season ninety-one 
percent of the rain fell between December and March. Pequegnat (1951) states 
• that ninety percent of the rain normally falls between December and April, 
with much of the remainder being of little value to either plants or animals 
since the storms that produce the rain are so intense and of such short 
duration that much is lost in runoff and evaporation. 
The mean annual precipitation recorded from 1949-1971 was fifty-three 
cm at the Santa Rosa Ranch (Snow, 1972) and forty-four and three-tenths cm 
between 1974 and 1977 on Mesa de Colorado (Johnston, 1978), During the 
1977-1978 season, which was an extremely wet year, the Loma Linda Univer-
sity weather station on Mesa de Colorado recorded 143 cm. One can see the 
variability in rainfall of this area which receives most of its rain from 
short and intense storms. Although Pequegnat (1951) reported that some rain 
normally falls in every month of the year this was not true from 1974-1978 
on Mesa de Colorado (Figure 4). 
For the combined years of 1974-1977 the mean temperatures reported by 
Johnston (1978) were 12,370C for January and 21.580C for July. Zuill (1967) 
reported mean temperatures of 50.5°F (100C) for Januaiy and 72.00F (22°C) 
for July. The variation in temperature is not similar to that seen in the 
rainfall. 
Figure 4a. Total annual rainfall on Mesa de Colorado for the years 
1974-1978. 
Figure 4b. Monthly distribution of rainfall for the 1977-1978 growing 












CHAP TER TWO 
INTERPOOL DISTRIBUTION OF VEGETATION 
IN THE SANTA ROSA PLATEAU VERNAL POOLS 
• 
Islands have long been recognized as areas well suited to the study 
of many interesting biological processes. Islands present a particularly 
ideal situation for the study of the distribution of organisms and con-
sequently the biological processes that govern that distribution (Wal-
lace, 1880). Many of Darwin's and Wallace's ideas were formulated as a 
result of their observations of islands. 
The vernal pool cummunity is like an island in being isolated by 
expanses of hostile environment not suitable for colonization lyy, vernal 
pool species. As an insular setting that is easily defined, vernal pools 
provide easily examined units which we may investigate from a variety of 
viewpoints (Holland and Jain, 1977). 
Since its introduction more than a decade ago, the theory of island 
• biogeography McArthur and Wilson, 1967) has undergone many tests. Its 
• predictions, regarding species being in a dynamic equilibrium on an 
island, have achieved the status of a paradigm (Simberloff, 1976; Kuhn, 
1970). The statements made by the model concerning islands have been 
extended to include all types of insular settings. Caves (Culver, 1970; 
Vuilleumier, 1973), mountaintops (Brown, 1971), host plants (Janzen, 1968; 
Opler, 1974) and most recently vernal pools (Jain, 1976; Holland, 1978) 
have been examined in light of predictions made by various parts of the 
island biogeography theory. 
The suggestion that the vernal pool habitat might he an excellent 
situation in which to investigate biogeographic ...leery and patterns of 
diversity was first made by Jain (1976). Holland and Jain (1977) were 
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the first to attempt analyses of this kind within the vernal pool set-
ting. They studied patterns of diversity in plant groups, whereas most 
previous insular biogeographic studies dealt with animal diversity. In 
order to determine the universality of the island biogeographic theory it 
seems desirable to study a variety of insular settings as well as both 
animal and plant groups. 
The island biogeographic theory makes predictions regarding species 
richness of an island as a function of island size, the colonization 
capabilities of species, the balance between immigration and extinction 
of species on the island, and the distances from a source area and other 
islands. Several published studies deal with different aspects of the 
island biogeographic theory and its' applicability to plants. Keddy 
(1976) examined two species of Lemna and explained their different dis-
tributions in lakes as a function of their colonization capabilities as 
suggested by the theory. Johnson et al. (1968) studied plant species-
area relations among the coastal islands of California and Baja Calif-
ornia, Mexico, by constructing regression models and evaluating their 
usefulness in predicting species numbers on these islands using several 
ecological parameters as independent variables in addition to area. Ham-
ilton et al. (1963) found that the number of plant species on islands of 
the Galapagos Archipelago could be predicted on the basis of isolation, 
area, and physical characteristics which represented measures of eco-
logic diversity. Jain (1976) presented a preliminary study of area 
effects on taxonomic diversity patterns among vernal pool plants. Hol-
land (1978) studied diversi Y P tterns of plants along a latitudinal 
'gradient in California vernal pools. Little else has been presented re- 
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lating plant diversity to the island biogeography theory and an extensive 
literature search has failed to find any other published papers using 
vernal pools as the insular setting under investigation. 
As a contribution this study investigated the following questions.: 
1. What is the nature of the species-area relationship within 
• vernal pools, and is that relationship consistent with previous 
studies completed on different taxa and in different environment - 
• al situations? 
2. What species richness patterns exist in relation to various 
• physical characteristics of the vernal pools? 
• 3. Is turnover occurring within the vernal pools? 
In addition to thj, an overall aim was to evaluate the suitability 
Of us.41g.vernal pools for this type of study. 
METHODS AND MATERIALS 
For each. of the ten pools in the study, several physical character.-
istics were measured, including pool area, pool depth, length of inunda-
tion, and soil texture (relative percent of sand, silt, and clay present 
in a soil sample.).. 
Pool area and shape. were. determined with a Brunton compass and 
meter tape, The compass was positioned at the approximate center of 
each -pool and a point at the. edge of the pool was sighted for each ten 
degree change in direction. The distance from the. compass to that point 
was then measured with the meter tape. Measurements for each pool 117-
cluded the vernally moist zone, i.e, that area of the pool that was 
.never under water but which is decidedly affected by it, as judged by 
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the flora present. 
Pool depth was determined with a stadia rod and compass and the 
deepest point was noted. This was corroborated by depth measurements in 
the pool when it was full. 
Soil texture was determined in the laboratory using the Bouyoucos 
hydrometer method (Bouyoucos, 1936) and was based on soil samples taken 
from the pools' center. 
Vegetation surveys of the pools were made biweekly during the 1977-
1978 growing season (July to July) to determine physiognomy, species 
presence, and diversity (richness). During each survey day, the pool 
was first surveyed generally by walking around the periphery of the 
pool followed by walking several different transects through the pool. 
This general survey provided an overview of the pool on that day and 
the opportunity to identify the more dominant plants present. Any new 
species encountered were added to the master reference sheet. 
A second, more detailed survey was made using a o.25 m
.2 
circular 
quadrat placed on the ground at random points within the pool. The 
quadrat was first placed at the approximate center of the pool with 
subsequent placements determined by use of a random numbers table. The 
first digit of the random number designated the direction of the sub-
sequent quadrat placement (the numbers 0 and 9 were excluded) and the 
second digit designated the number of steps to be taken in that dir-
ection. 
With each quadrat placement, the area was carefully scrutinized and 
all species present were recorded, with particular care being taken to 
identify the exceptionally small and rare plants associated with vernal 
23 
pools. Again, any new plants identified were added to the master refer-
ence sheet. Quadrats were continually placed and evaluated well beyond 
the number in which no new plants were found. 
The resultant data were analyzed using several simple and multiple 
regression models. The dependent variable in each model was a measure of 
species richness and the independent variables were measures of the 
physical characteristics of the pool. Specifically, the variables used 
were: 
A. Dependent variables. 
1. T
t 
The total number of species in a given pool. 
This includes typical vernal pool species and grass-
land species that were present in appreciable quanti-
ties; 
2. T. The total number of typical vernal pool species. 
B. Independent variables. 
1. A. The total area of a given pool; 
2. D. The depth of a pool at its' deepest point 
(expressed in centimeters); 
3. I. The total number of days that the pool was 
inundated with water; 
4. S. The relative percent of sand in the soil sample 
from the center of the pool; 
5. St. The relative percent of silt in the soil 
sample from the center of the pool; 
6. C. The relative percent of clay in the soil 
sample from the center of the pool. 
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The regression models tested are defined as follows: 
Simple regression models: One dependent variable versus 
one independent variable. 
1. Linear: y = a 4- bx. 
2. Curvilinear: log y = a + b log x. 
3. Mixed linear-curvilinear: y = a ± b log x. 
Multiple regression models: One dependent variable versus 
multiple independent variables. 
4. Linear: y=a -Fax -Fax 	-Fa
pxp. 0 	1 1 	2 2
..  ' 




 log x 
a log x 
P 	P 





2 	+a log x . 
Correlation coefficients, coefficients of determination, and 
• F-ratios were computed for each combination. 
A multiple stepwise regression program, Biomedical Computer Program 
BMDP2R (Dixon, 1967), was applied to the data. This program generally 
finds a solution close to the best, although it should be noted that not 
all possible permutations of the variables are actually evaluated. This 
program either adds or removes one of the independent variables to the 
regression equation at each step, based on the F-stepping algorithm as 
defined in the BMDP2R program. The limits for "F to enter" and "F to 
remove" were 1.0 and 0.1 respectively, 
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RESULTS 
Species-Area Relations  
The results of regressing plant species numbers on measures of the 
pools' physical characteristics can be found in Tables 2 and 3. Table 4 
is a summary of the results from Tables 2 and 3. In each instance, cor-
relation coefficients and P-values are listed. 
In all simple models (models 1, 2, & 3), the program chose area as 
the single best predictor of species richness. The results were sig-
nificant (P< .05) in the simple curvilinear (model 2) and simple mixed 
models (model 3) but were not significant in the simple linear model 
< .10) . 
The highest correlation coefficient for a simple model was .73 for 




(Table 2). This 
is in contrast to most previous studies on plant species richness which 
have generally found simple curvilinear models superior. Although these 
correlation coefficients are lower than those from other studies, they 
are statistically significant (P< .05). 
• The highest correlation coefficient calculated was .95 for the mul-
tiple linear regression model (model 4; Table 3), with either T or T
v 
as 
the dependent variable.. T  was predicted by a combination of four var-
iables in the regression equation which included clay, depth, inundation, 
and silt. T
v 
was predicted in the same model by a combination of four 
variables which included silt, sand, depth, and inundation. T, was 
calculated at P .01 and T
v 
was calculated at P <.05. Area was not in- _
• eluded in either instance. Two variables, clay and depth, predicted T
t 
more accurately (r=.84) than area alone and three variables, silt, sand, 
Table 2. Correlation coefficients for (1.) simple linear, (2.) simple curvilinear, and 
(3.) simple mixed linear-curvilinear regression analyses. T
t = total number of species in the vernal pool; T = total number of typical vernal pool species in vi the pool; A = pool area; C = ciay; I = inundation; D = depth; St = silt; S = sand; 
N.S. = not statistically significant. 
A 	C 	I 	D 	St 
	
.60 	.57 	.54 	.48 	-.29 	-.44 
.62 	.54 	.57 	,52 	-.28 	-.41 







Log Tt 	.66 	.59 	.50 	.47 	-.32 	-.42 
2.  
Log Tv 	.67 	.54 	.52 	.51 	-.30 	-.40 
3. 
Tt 	.73 	.58 	.55 	.51 	-.28 	-.42 













Table 3. Results of stepwise multiple regression analyses in 
(4.) linear, (5.) curvilinear, and (6.) mixed linear- 
curvilinear models. Symbols as in Table 20 
Independent 
Step 	Variable added (4) 	Multiple 
or removed (-) 
P-Values e() 
   
1. + A 	.60 	.10 
2. + C 	 .74 .10 
3. .85 	.05 
4. -A 	.84 .05 
5. + .91 	.01 
6. + St 	.95 .01 
4. 
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1. + Log A 	.66 	.05 
2.  
 
+ Log St 	.88 .01 
      
      
1. + Log A 	.67 	.05 
2. +Log St .87 .01 
+ Log A 	.73 	.05 
2. 	+ Log St .92 .01 






Table 4. Summary table of results for the regression analyses. 
In the multiple regression models (4-6), the order of 
the independent variables represents the relative order 
in which they were added to the regression equation. 







       
































C, D, 1, St 	 .95 
St, 8, D, 	 „.95 
Log A, Log St 	.88 
Log A, Log St 	.87 
Log A, Log St 	.92 

















and depth, predicted T
v more accurately (r=.84) than area alone. 
The mixed multiple linear-curvilinear model (model 6) and the multi-
ple curvilinear model (model 5) gave better predictions in fewer steps (2) 
and did so at a higher level of significance (P< .01) . Neither model, 




, went beyond two steps in the stepwise 
analysis. Also, in all instances where silt was chosen for addition to 
the regerssion equation, it was chosen on the basis of a high negative 
correlation. In all models, T is, in general, more accurately predicted 
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than T
t although the difference does not appear to be great. 
Z-Values  
The slope of the regression line (z-value) provides information on 
the rate of the addition of species with increasing island area. Table 5 




The 0.15 and 0.13 z-values are representative of z-values obtained for 
non-isolated situations (macArthur and Wilson, 1967), 
Species Turnover  
Table -6 provides data which give a preliminary idea of species turn-
over in a single pool on the Santa Rosa Plateau. The data is from pool 
Cl on Mesa de Colorado. This pool had previous census data available 
(Kopeck° and Lathrop, 1975) with which_ present data could be compared. 
Analysis of the data indicates that species turnover is occurring. Some 
species present in 1975 may have become extinct and immigrated to the • 
-island again before the 1978 census, while other species not present in 
1975 may have immigrated to the island and become extinct before it* was 
recensused (Diamond and May, 1977). If this is correct, the calculated 
turnover rate of 17.8 is underestimated. 
Table 5. Z-values (regression coefficients) forlog/log plots of area 
versus T
t and Tv 






         
Log T 
Log Tv 
   
.05 
.05 
Table 6. Species turnover data for pool C2 on Mesa de Colorado, for 
the years 1975 and 1978. 
1.975 	1978 
Number of Species 	26 
	
30 
Number of Extinctions 3 
Number of Immigrations 	 7 
TURNVOER RATE: 
100 (3 ÷ 





This study found area to be the best single predictor of species 
richness in all regression models tested. This is consistent with pre-
vious studies. Johnson et al. (1968), in a study of the Channel Islands, 
found island area to be the best predictor of plant species richness. 
1 
Hamilton et al. (1963) studied the Galapagos Islands and concluded that 
area was not a good predictor of plant species richness, but their con-
clusion was questioned by. Johnson et al. (1968) because area did provide 
the highest coefficient of determination in a curvilinear model. Johnson 
and Raven (1973) subsequently repeated the Galapagos Island analysis and 
found that area gave consistently higher correlations with species num-
bers than did other factors. The difference in results can probably be 
attributed to the more complete census data used in ,the latter study. 
Power (1972) studied bird species diversity of is/Ands off the coast of 
southern California and northwestern Baja California Mexico. A portion 
of this study involved analysis of plant species richness which he also 
found could be predicted by island area. Finally, Holland (1978) exam--
ined vernal pools throughout California by regression analyses which 
yielded similar results. 
In each of these studies, curvilinear regression models were found 
to be superior in their predictive abilities, but in the present study 
a mixed linear-curvilinear regression model was superior to all others 
with pool area as the independent variable (Figures 5-7). This coincides 
with the result of Nilsson and Nilsson (1978) in their study of small 
islands in a lake in Sweden. Why this model is superior to the others 
Figure 5. Linear regression lines for the simple linear regression 
model (model 1). The regression lines are for area in 
hectares and the total number of plant species (Tt) or the 
total number of typical vernal pool plant species (T). 
A = 
Predic ted  
10 	 11 
POOL AREA Oa) 
Figure 6. Linear regression lines for the simple curvilinear regression 
• model (model 2). The regression lines are for area in hec-
tares and the total number of plant species (Tt) or the total 





A= T  
C,J 
CL 
c*-30gdS O ON 
36 
Figure 7. Linear regression lines for the simple mixed linear-curvi-
linear regression model (model 3). The regression lines are 
for area in hectares and the total number of plant species 
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in these instances is not clear. Since biological processes are most 
often complex rather than simple, one might expect simple linear models 
to be the least usel'ul in predicting species richness. 
Ecologic Diversity and Species Richness  
There has been some debate in the past as to whether area exerts an 
Area has generally been indirect or direct effect on species richness. 
considered an indirect measure of ecologic diversity. That is, as area 
increases so do other environmental parameters which serve to make that 
area more ecologically complex, thus providing more niches with a result-
ant increase in species richness. An alternative view is that area exerts 
a direct effect on species richness by virtue of its control on extinction. 
That is, the smaller the island the more likely the extinction of extant 
populations thus decreasing the species richness. Likewise, the larger 
the island the higher the probability that a p,opaguile will land and 
increase the species richness. 
This study preents results in the form of stepwise multiple linear 
regression analyses (Table 3). In this model area was chosen at the 
first step. Subsequent steps chose other variables in an order in which 
they contributed most to the prediction of species number. Of interest 
is the fact that by the fourth (using T
t 
 ) and fifth (using T) steps area 
was removed from the regression equation with only a slight decrease in 
the correlation codficiento This shows that those variables remaining 
in the equation after area was removed predicted species richness as 
well as area alone. it is possible that the variables that remained were 
reflected by the area measure and that area alone actually is an indirect 
approximation of ecologic diversity. 
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This is the first time that a measure of soil texture has been used 
in an analysis of this type, although it has long been suggested that 
new variables repregenting different environmental parameters should be 
evaluated in this way. As more parameters are quantified and evaluated 
in regression models we may be better able to determine the true role of 
area in the determination of species richness. These data support the 
reasonableness of assuming that area is in fact an indirect measure of 
ecologic diversity. 
Z -Values 
coefficient (slope of the regression line) for the The regression 
log species-log area function is a reflection of the rate at which new 
species are added tO islands with increasing area. MacArthur and Wilson 
(1967) designated this as a z-value. A high z-value denotes that a 
relatively small increase in area will give an increase in species number. 
A lower z-value indicates that a rather large increase in area is needed 
before additional species will appear. 
The z-values obtained for the Santa Rosa Plateau vernal pools are 
lower than most of hose previously reported (MacArthur and Wilson, 1967) 
• though not greatly different. The z-values obtained more closely rep-
resent those one might expect to find in non-isolated sample areas with-
in islands or on continents. 
According to MacAr hur and Wilson (1967) lower z-values are y.telded 
by non-isolated samples because these sample areas are likely to carry 
more species than an island of the same size. The reason for this Is,. 
the sample may contain species that are not well adapted to the partic-
ular area where the sample was obtained and thus are not very abundant 
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but still are found within the sample. These individuals represent the 
periphery of the population. The overall effect is to imitate higher 
immigration rates than might be expected. 
On the basis of z-values it appears that the Santa Rosa Plateau 
vernal pools are no 
immigration rates b 
For example, pools 
t extremely isolated from one another. As a result 
tween the pools may be higher than otherwise expected. 
1 and C4 appear to be isolated in May when the water 
  
is receding, but with the first heavy rains of winter the waters of the 
two pools may merge. When this occurs, viable seeds of various species 
are presumably carried between the pools. This same pattern holds true 
between pools B1 and B2, and B4 and B5. 
Species Turnover 
The equilibrium model of island biogeography states that the number 
of species on an island is the result of a dynamic equilibrium between 
species immigration rates and species extinction rates. If this is cor-
rect, one would expect a change in species composition on a given island 
with time with the total number of species oscillating about an equi-
librium number. Thus, demonstration of species turnover on an island 
represents an objective test of a portion of the equilibrium model 
(Simberloff, 1974). 
, 
As shown by th data presented in Table 6, turnover can be shown 
to have occurred in a single vernal pool (C2) on Mesa de Colorado in- 
  
dicating the plausability of the model. Since this preliminary study 
only involved a single vernal pool the results are not considered de-
finitive.. Subsequent analyses invOlving more vernal pools with more 
complete annual censes are needed. With this type of data the exact 
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species turnover rate may be determined and species numbers could be 
evaluated in terms of what might be expected based on differences in 
island size and isolation. 
SUMMARY AND CONCLUSIONS 
Ten vernal poo.,s, assumed to be good examples of insular settings, 
were examined to test the prediction that species richness is related to 
island size. Two measures of species richness (the total number of species 
in a pool and the typical number of vernal pool species present) were re- 
gressed against six independent variables which described physical char- 
  
acteristics of the pools, to determine their individual and combined ac-
curacy in the prediction of species numbers. Six regression models (three 
simple and three multiple regression models) were evaluated. Based on 
the results of these analyses and the census data, it.is concluded that: 
1. Area is the best single predictor of species richness. Area 
predicted most accurately in a mixed linear-curvilinear model 
of the form: y = a 1- b log x; 
9. Mixed multiple linear-curvilinear models and multiple linear 
regression models provided the best predictions of species 
richness; 
3. Area tended to reflect ecologic diversity. This is suggested by 
the fact th-t multiple linear regression models provided better 
predictions of species richness using combinations of physical 
  
characteristics which excluded area from the regression equation. 
Those predictions were made at higher levels of significance 
(1): < .05 to P < .01); 
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4. No major difference could be discerned between the accuracy of 
prediction of T
t or T by physical characteristics; 
5. Z-values w re lower than expected for isolated islands (0.13 to 
0.15). Th s may be the result of waters of adjacent pools merg-
ing during extended winter rains; 
6. Species tu nover was demonstrated in a single vernal pool that 
was studied. This provides further support for the equilibrium 
model from another type of insular setting. Further species 
turnover data combined with regression analyses relating physi-
cal characteristics of vernal pools to species numbers, will pre-
sent a clearer and more balanced understanding of those factors• 
affecting plant species presence. 
7. The ten venal pools studied did provide easily managed situa-
tions and appear to be good examples of insular settings which 
should be tudied further in relation to additional aspects of 
island biogeographic theory. The study of vernal pools avoids 
• the problems of obtaining reliable census data that often 
plagues stildies of larger insular units. 
CHAPTER THREE 
INTRAPOOL DISTRIBUTION OF VEGETATION ALONG A 
SOIL MOISTURE GRADIENT IN A VERNAL POOL 
Community vegetation studies of vernal pools have been rather few, 
although detailed works on individual genera are quite prevalent. Lin 
(1970) was the first to provide quantitative data on vernal pool veg-
etation. He presents a description of floral succession within vernal 
pools as well as information regarding zonation of these pools, in the 
southwestern portion of Sacramento County. He describes three zones: 
the pool bottom, the pool margin, and the mounds surrounding the pools. 
The latter supports grassland rather than vernal pool species. He also 
presents information on individual species which serves as a good over-
view of the vernal pool flora. 
Kopeck° and Lathrop (1975) described vegetation zonation in a 
single pool on Mesa de Colorado in Riverside County, California. They 
established five zones: the standing water zone, the dry bed, the muddy 
margin, the vernally moist zone, and the grassland zone. The vernally 
moist zone was a peripheral area of the pool that was influenced by 
water but was never inundated. Only four of these zones harbor typical 
vernal pool species and no more than three of the zones are present at 
any one time. This was the first and only quantitative look at the 
Riverside County pools. 
This study intends to provide information on community structure 
of a vernal pool on Mesa de Colorado, Riverside County, California, by 
examining species distribution and species diversity changes along a 
soil moisture gradient. , 
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METHODS AND MATERIALS 
During the 1977-1978 season, vegetation changes were monitored 
• 
along a soil moisture gradient within pool Cl on Mesa de Colorado (Fig-
ures 2 and 3). This gradient extended from the grassland-pool border 
into the pool for a distance of approximately 16 meters. The distance 
across the pool at this point was actually about 60 meters but the 16 
meter point represented a distance where the vegetation was similar to 
that found in the center of the pool. 
An exclosure (to exclude grazing cattle) was built within which we 
could monitor the vegetation changes in the pool (Figure 8). The ex-
closure was constructed of barbed wire and measured approximately 16 
meters long by 4 meters 'wide with a gate at one end for access. It was 
divided into eight plots designated A through H. A was a plot at the 
edge of the grassland and included some grassland species and H was rep-
resentative of the pool center. A walkway around the edges of the plots 
provided access without disturbing the plots. 
During the first week of the months May and June, point frame 
measurements were made to determine the vegetation composition in select-
ed plots along the soil moisture gradient. The plots selected for study 
were A, C, E, and H. Four hundred to six hundred points were evaluated 
per plot during each sampling week. The data from the point frame al-
lowed an analysis of composition and relative abundance as determined by 
coverage. 
Soil moist-re determinations were made at least every two weeks on 
samples taken adjacent to the selected study plots, from the time that 
there was nostanding water in a plot until the permanent wilting point 
Figure 8. The exclosure built in pool Cl on Mesa de Colorado for 
the soil moistureimicrotopographic gradient investigation. 
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of the soil was reached. Soil samples for moisture determinations were 
obtained using a soil auger. Four soil samples were taken at both 15 
centimeter and 30 centimeter depths in plots A, C, E, and H. The samples 
were immediately placed in sealed plastic bags and kept in a cool place 
until they were returned to the laboratory. 
A gravimetric method was used to determine soil moisture percent. 
The samples were weighed wet, dried in an oven for twenty-four hours at 
105°C and then weighed dry. A mean moisture percentage was calculated for 
each plot using the formula: 
Wet weight - Dry weight Soil moisture percent = 	 — X 100 
Dry weight 
The permanent wilting point (PWP) and field capacity (FC) were determined 
for the soil of each plot at both 15 centimeter and 30 centimeter depths. 
This was done by using a fifteen bar pressure membrane extractor (Soil-
moisture Equipment Corp., Model 1000) following a modification of the 
Richard's method (Johnston, 1976). The permanent wilting point is de-
fined as the water content of the soil on an oven-dry basis at which 
plants wilt and fail to recover their turgidity when placed in a dark 
and humid atmosphere. This is approximately the moisture content at 
fifteen bars (fifteen atmospheres) suction. 
Field capacity is the amount of soil water remaining in a soil 
after the free water has been allowed to drain away for a day or two 
after the root zone has been saturated. This is approximately equal to 
the soil moisture content of 1/3 bar (1/3 atmosphere) suction. 
A measure of plot similarity, in terms of plant composition, was 




I equals the number of species in,plot x, S2 equals the number of 
species in plot y, and C equals the number of species common to x and y. 
A coefficient in the range of 0 to 1 indicates the relative similarity 
of a plot pair.. The nearer to 1 the CCJ e more similar the pair. 
A species diversity index was calculated for each plot using the 
Shannon-Wiener information measure (HP): 
H' 	p. log pi; 
where pi equals the relative abundance of the i th species measured from 
0 to 1.0 and log pi equals the logarithm of pi. The larger the IP the 
more diverse the entity being evaluated. For any given number of species, 
H' will be greatest if all the species present are equally abundant. 
RESULTS 
The plots A, C, E, and H represent a soil moisture/microtopographic 
gradient through a portion of pool Cl..The plots initially were chosen 
as representing the following zones: 
A = Vernally moist zone 
C = Muddy margin (temporary inundation) 
E = Muddy margin (extended inundation) 
H = Muddy margin (extended inundation). 
The microtopographic gradient represented a change of 18 cm from the 
pool periphery to the tip of the farthest plot (H). Beginning at the 
periphery the following changes in microtopoc,raphy were determined (given 
the periphery is 0): 
The center of plot A = 3.0 cm; 
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The center of plot C= 12.0 cm; 
The center of plot E = 15.0 cm;.  
The center•of plot H = 18.0 cm. 
The total depression change to the center of the pool was 37 cm,- 
•but•it was noted that the vegetation in H was identical to that at the 
pool .center. The length of the tranSect was limited due to restrictions 
placed on the investigators by the pools' property owners. 
In Figure 9, soil texture profiles are presented for 4 positions 
along the soil moisture/microtopographic gradient. In general, .there 
appears to be little difference in soil texture between the 15 cm and 30 
cm depths. The one exception may be found in •plot A where there, appears 
to be a substantial difference in the amounts of clay and silt at 15 cm 
• and 30 cm. 
The amount of silt appears to remain about the same in all 4 plots 
at 30 cm, although this is not so at 15 cm. At 15 cm the clay content 
increases slightly along the gradient, but is fairly constant at 30 cm. 
The relative .percentage of sand remains quite constant at both. depths. 
Soil.moisture data (Table 7) .indicates that the . pool soil dries 
rather quickly once. the standing water stage is passed. 'After 4-6 weeks 
the 15 cm soil sample in plots A, C, and H reached the permanent wilting 
point... Plot E reached the PWP after only 2 weeks. 
The soil at the 30 cm depth dried more slowly with plots A and C • 
reaching the PWP at approximately 8 weeks and plots E and H between 8 and 
. 10 weeks after the snding water was observed. The calculated PWP and 
• FC for each plot at both 15 cm and 30 cm depths is listed in Table 8. 
Table 9 gives the community coefficients for various plot pairs, 
Figure 9. Soil texture profiles for four positions along the soil 
moisture/microtopographic gradient in pool Ci on Mesa de 
Colorado. 
0 = 15 cm depth 

















Table 7. Gravimetrically determined mean soil moisture percentages for 
two depths at four positions along the soil moistureimicro-
topographic gradient in pool Cl on Mesa de Colorado. Data is 
for the period 1 May 1978 to 14 August 1978. The number in 
parentheses is the standard deviation based on N=4. 
DATE 	DEPTH 	A 
1 May 	15 cm 	Soil Saturated 
	
Standing Water .  
• 22 May 
	
	15 cm 
6 June 15 cm 
18 June 15 cm 
30 cm 





• 15.3* 15.6* 	19.7* 29.1 
(±1.1) 	(±1.2) 	(±3.5) 	(±.4) 
11.6 	13.3 	17.3 	20.7 
(±.5) 	(±1.3) (±.5) 	(±1.2) 
• 18.6 18.1 	24.6 
(±3.8) (±3.3) 	(±.5) 
30 cm 	15.4* 	14.6* 	16.6 	20.2 
(±.4) 	(±.3) 	(±2.0) 	(±.7) 
4 July 
	






20.3 	17.7 	16.1 	25.7 
(±1.0) 	(±.8) 	(±1.9) 	(±8.7 
19.0 	17.8 	20.7 	23.6 
(±1.5) 	(±.6) 	(±2.0) 	(±1.3) 
17.9 	16.4 	17.1 	20.6 
(±.4) 	(±1.2) 	(±2.5) 	(±.7) 
15.6 	15.4 	19.4 	19.1* 




12 July 30 cm 
19 July 30 cm 
2 August 30 cm 
14 August 30 cm 
* Permanent Wilting Point Reached 
Table 8. Field capacity (FC) and permanent wilting point (PWP) expressed as percent soil moisture 
for two depths at four positions along the soil moisture/microtopographic gradient in 
pool Cl on Mesa de Colorado. Points were determined using a 15-bar pressure membrane 





15 cm 	41.5 
(±1.6) 
30 cm 	54.0 
(±1.6) 
15 cm 	15.4 
(±.8) 


























Plot Pair Number of Species 	Number of 
Plot 1/Plot 2 
	
Common Species CCJ 
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Table 9. Summary of community coefficients for several plot pairings, 
through space and time, based on Jaccard is index (Cy. The 
data is from pool Cl on Mesa de Colorado. 




1 	 .043 
June C/June E 
	
15/6 .400 
June C/June H 
	
15/6 . 	 .400 
May C/June E 
	
12/6 6 	.500 





May C/June C 
	
12/15 11 	 .688 
June E/June H 
	
6/6 	 .714 
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based on the Jaccard index (CC
J). From these data one can evaluate the 
degree of similarity in the plot compositions. Plots A and C, when meas-
ured in May, yielded a CC
J of .043. Both plots had the same number of 
species but only one was common to both. 
In June, plots C and E, and C and H, both yielded Cys of .40. 
Plot E and H appear to be the most similar of all plot pairings with a 
CC of .714. 
Comparisons of plots through time were only possiblewith C, since 
E and H were not evaluated in May because, they were under water. The 
CC for plot. C, when comparing may and June compositions, was .688, with 
12 species present in May and 15 present in June (Table 10). Of these, 
11 were common to both. times. Although. 11 were common to both times, the 
abundances did change between May and June. Eight species decreased 
their: relative coverage values 50% and 2 increased their coverage values.  
• by 507„. The relative coverage value, of one species remained the same-
The Shannon-Wiener information measure (H') provided diversity 
measures for each plot along the gradient. These indices are summarized 
in Table 11. Plot C in June yielded the highest H' (the most diverse) 
of .377. The lowest H' (the least diverse) was the .513 calculated for 
plot E in June. The total H' for both May and June are also listed. 
Although the H' calculated for May is based on only 2 plots as opposed to 
3 plots measured in June, it is still higher. In general, the diversity 
of these pools tends to be quite low. 
In May, plots' E and ' H were under water so no data is reported. 
Neither is data presented for plot A in June since that plot consisted 
almost completely of grasses that were taller than the point frame used 
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Table 10, continued. 




Navar etia prostrata 
Pilularia americana 







Total Species 12 6 15 
	
6 
Table 11. Species diversity indices for selected plots along a soil 
moisture/microtopographic gradient in pool Cl on Mesa de 
Colorado. 
A Total 
   
May 	.73 	.83 
	
INUNDATED 	1.08 
June 	 .88 	.51 	.60 	.74 
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for the coverage measurements. These data then are only general indica-
tors and not definitive statements regarding total diversity. 
Figures 10 and 11 show the results of plotting species abundances on 
a logarithmic scale versus species sequence, i.e., in order from the most 
to least abundant. The resulting lines provide an approximate linear rep-
resentation, approaching what may be a geometric series. The logarithmic 
scale of these dominance-diversity curves is appropriate since plant re-
sponses to environmental factors is probably more often geometric rather 
than linear (Whittaker, 1975). 
DISCUSSION 
In most cases, the absolute values of the soil texture data present-
ed in Figure 9 are essentially the same at both the 15 cm and 30 cm depths. 
In no case does the soil texture class vary between the two depths. With 
this in mind subsequent studies involving soil texture of vernal pools 
may be limited to a single intermediate depth for practical considerations 
•of time and effort. As might be expected, the FC and PWP for the 15 cm 
and 30 cm depths do not vary considerably (Table 8). 
• Kopeck() and Lathrop (1975) recognized five vernal pool zones on the 
Santa Rosa Plateau. Three of the plots chosen for this study were thought 
to he representative of their muddy margin zone, but the data reveal that 
plot C shows little similarity to either E or H based on Jaccard's com-
munity coefficient (Table 9). In addition, it is quite different from 
plot A which represents the vernally moist zone. It appears that a sixth 
zone is present at this point, one that is not readily identifiable simply 
by visual observation. As one views the results of this table there ap- 
Figure 10. Dominance-diversity curves for two positions along the 
soil moisture/microtopographic gradient in pool CI on 







Figure 11. -Dominance-diversity curves for three positions along the 
soil moistureimicrotopographic gradient in pool Cl on 
Mesa de Colorado. Data is for June, 1978. 
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pears to be a definite vegetation response, reflected in species distri-
butions along the soil moisture gradient. 
Those ploF.s that are under water for a longer period of time are 
characterized by few species with coverage values approaching a geometric 
series. This infers strong dominance concentrated in a few species. The 
vernally moist zone is also characterized by this same trend but with 
almost twice the number of species as in either of the other two plots 
(E and H). 
In the future it would be desirable to study a longer transect, one 
that extends across a fairly large pool. Or one might study a transect 
through a pool whose depth increases rapidly producing a severe change 
in microenvironmentalsconditions. In either ,case vegetation changes 
may be more easily discerned. 
The species diversity data of Table 11 is not conclusive though 
species diversity does appear to be lower within those areas that hold 
water for the longest period of time. Plot A for example was never in-
undated and plot C was inundated for only a brief period of time .and 
these two plots had the highest species diversity. Plots E and H on the 
other hand were covered with water for a considerably longer period of 
time and their species diversities were correspondingly lower. Detailed 
analyses with data points Laken in more plots should provide more de-
finitive. answers. in the future. 
The resulting lines of the dominance-diversity curves approach a 
geometric series for the individual plots, with plot H giving the best 
representation of that function, A geometric series of plant organization 
is. what has been shown to occur in plant communities of severe environ- 
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merits (Whittaker, 1975). This series is characterized by few species with 
dominance concentrated in only a few species. The vernal pool community 
may be considered to be severe because favorable conditions for plant 
development pass quickly and relatively few species are capable of 
efficiently handling the specialized conditions. 
The straight line of the geometric series follows the niche pre-
emption hypothesis of niche partitioning. Briefly stated, the hypothesis 
indicates that. as .a new species enters the community it occupies a fraction 
of the area that is not already occupied by other species. Furthermore, 
this fraction will correspond to the proportion of area previous species 
have occupied, when they arrived, based.on.what was available. The' func—
tional significance of this is obscure at best and has no known ecological 
explanation, although this situation is frequently encountered in nature 
M.:Naughton and Wolf, 1973), 
In many situations, if one combines the data from several samples 
which display this geometric series, one will obtain a lognormal distri-
bution of data "as the result. This is generally interpreted as depicting 
a situation where there are many factors affecting the relative success 
of one species:in competition with. other species.. Why none of the com-
bined curves (A-C, Figure 10; C-E-H, Figure. 11) appear to be•lognormal 
.• is not clear. 
SUMMARY AND CONCLUSIONS 
Species distributions were examined along a soil moisture/microtopo-
graphic gradient in a single vernal pool. Four plots along this gradient 
were compared in terms of species diversities and similarity of composi- 
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tion in an attempt to characterize the community structure. On the basis 
of the data it is concluded that: 
1. Plant species in vernal pools appear to be both spatially and 
temporally segregated. More detailed studies need to be under-
taken in order to more fully describe and understand these re-
lationships; 
2. There appears to be another zone between the vernally moist and 
muddy margin zones, whose composition and diversity is quite dif-
ferent than either adjacent plot; 
3. Species abundances in individual samples along a gradient are 
arranged in an approximately geometric series, with few species 
in each sample and dominance being conzentrated in only a few of 
these; 
4. A range of community-like units may be arranged along the soil 
moisture/microtopographic gradient. Thus, the vernal pools may 
be a microcosm of larger ecological units from which generaliza-
tions of community processes can be drawn with further study. 
The size, manageability, ease of obtaining complete censes, and 
accessibility make vernal pools ideal for further investigation. 
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CHAP TER FOUR 
THE SANTA ROS, PLATEAU VERNAL POOL FLORA 
Vernal pool vegetation has been given a fair amount of attention 
recently throughout California, although vegetation studies of a restrict-
ed area have been virtually nonexistent. Most studies have been under-
taken from an autecological point of view (Ornduff, 1964, 1966; Stagg, 
1977; and others). 
Some work has been done on the vernal pools of the Santa Rosa 
Plateau, but nothing which approaches a detailed survey of all of the 
pools and their vegetation with observations on plant species distribu-
tion. Kopeck() and Lathrop (1975) looked at a single pool on the Santa 
Rosa Plateau and made quantitative measurements of the vegetation during 
a five month period. Collie and Lathrop (1976) examined the chemical 
characteristics of this same pool in relation to ecological zonation 
and seasonality. Stagg (1977) studied the distribution of a single 
species, Orcuttia californica Vasey, among the vernal pools of this 
same plateau. In addition, Lathrop and Thorne have referred to the 
vernal pools in several of their publications (Lathrop, 1976; Lathrop 
and Thorne, 1968, 1976a, 1976b, 1978; Thorne and Lathrop, 1969, 1970). 
The attention that the vernal pools of California have been receiv-
ing is well deserved by this unique, interesting and rapidly disappearing 
habitat. Vernal pools are fast succumbing to man's ever increasing 
effort to completely urbanize the _and that he has inherited. The pools 
are particularly vulnerable since they appear to be prime locations for 
the development of new residential communities and for agricultural 
expansion. 
In light of this ?oor prognosis it seems critical to obtain a clear 
70 
71 
understanding and knowledge of those species inhabiting these endangered 
areas and develop some idea of their distributions between pools and pro-
vide baseline data for later comparisons. Holland (1978) has prepared 
an excellent work and increased our understanding of this habitat. It 
is hoped that this study will complement the work that he has done. 
Specifically, this chapter will present an overview of the vegeta-
tion found in the vernal pools of Mesa de Burro and Mesa de Colorado, 
on the Santa Rosa Plateau. Data regarding taxonomic diversity and plant 
distribution among the pools will be presented. Taxonomic nomenclature 
follows that of Munz (1973, 1974). 
METHODS AND MATERIALS 
Procedures used in obtaining census data are described in preceding 
chapters. 
RESULTS AND DISCUSSION 
The vegetation survey of the ten Santa Rosa Plateau vernal pools 
identified 60 different species (Tt), with 37 "typical" vernal pool 
species (Tv) (Table 12). The greatest number of species (of Tt) occur-
ring in a single pool (C2) was 53. Of these, 32 were vernal pool typ-
icals. The fewest number of species (of Tt) encountered in any single 
pool was 22 (B3 and B4). Two pools (B3 and B4) had a total of 15 
vernal - pool species (Tv) each, with 12 species being common to both pools. 
Ten vernal pool species were found in all ten pools. These species 
were: Blennosperma panum (Hook.), Callitriche longi,pedunculata. Morong., 
C. .rulnta Torr., Crass!ala a_gpatica (L. Schoenl., Eleocharis mqcro-
stactly!a. Britt. in Small, Lasthenia chrysostoma (F.& M.) Greene, IyItirum 
Bl B2 B3 B4 B5 136 Cl C2 C3 C4 
X 
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Eleocharis macrostachya 	X 	X 	X 
Eleocharis montevidensis 
Eryagium aris ulatum 	 X 	X 	X 
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Table 12, continued. 
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X X X X X X X 
Total Plant Species 25 	23 	15 	15 	26 	27 	30 	32 	25 	26 















B5 B6 Cl 	C2 	C3 
X 	X 	X 
X 	X 	X X X X 
X X X 
Immifolium L., Pilularia americana A. Br., Plaziobothrys undulatus 
(Piper) Stn., and Ps1,142ELs brevissimus Nutt._ 
In contrast, only two 
were: Aluallis minima (L. 
Walt. Both of these were f 
study (C2), on Mesa de Colo 
No vernal pool species 
seven species were unique 
apecies were found in a single pool. They 
) E. H. L. Krause and Phalaris caroliniana  
und in the single largest pool in this 
rado. 
were found solely on Mesa de Burro, but 
o Mesa de Colorado. They were: Anagallis  
  
minima, .1)q:h_asia danthonioides (Trin.) Munro ex Benth. [var. gracilis  
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a (Vasey) Munz], Eleocharis icularis (L.) R. and S. rincl. radicans  
(Poir.) Kunthi, E. montevid ensis Kunth [var. 2211. j_ (Britt.) V. Grant], 
Phalaris caroliniana, Plant igollEflpvii Gray subsp. californica (Greene) 
Bassett., and Marsilea vetita Hook. and Grey. 
The 37 vernal pool species represented 28 genera_ and 21 families 
with the Asteraceae having the most generic and species representatives. 
Ten families were represOted by only a single species. Distribution 
of the taxa among the ten vernal pools is shown in Table 13 with a 
summary of these data in Table 14. 
Three species from the vernal pools are listed among those consid-
ered endangered by Powell (1974). Orcuttia californica Vasey var. 
californica was found in eight of the ten study pools, Eaatsllp aris-
tulatum Jeps. var. parishii (Coult. and Rose) Math. and Const., the 
San Diego coyote thistle was also found in eight pools, and Orcutt's 
brodiaea, Brodiaea orcuttii (Greene) Baker, was found in only five 
pools. Of these, E. aristulatum was the most abundant in those study 
pools where it was piresent. 
According to Powell's (1974) classification, Orcuttia californica  
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Table 13. Distribution of taxa among the ten vernal pools of the Santa 
Rosa Plateau, California. The first number indicates the 
number of specis in that family represented within the pool 
and the second lumber indicates the number of genera repre-
sented within that family. 





















1-1 	1-1 1-1 1-1 1-1 
1-1 1-1 1-1 
	1-1 1-1 1-1 1-1 1-1 
3-3 3-3 3-3 3-3 4-4 4-4 3-3 4-4 3-3 •3-3 
1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 
2-1 2-1 2-1 2-1.2-1 2-1 2-1 2-1 2-1 2-1 
2-1 2-1 1-1 	2-1 2-1 2-1 2-1 2-1 2-1 
1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 
1-1 1-1 1-1 1-1 1-1 1-1 3-1 3-1 1-1 1-1 
2-1 2-1 	2-1 2-1 1-1 2-1 
2-1 2-1 1-1 2-1 2-1 1-1 2-1 2-1 
2-1 2-1 	2-1 2-1 3-1 2-1 3-1 2-1 2-1 
1-1 1-1 	1-1 1-1 1-1 1-1 	1-1 
1-1 1-1 1-1 1-1 1-1 I-1 1-1 1-1 1-1 1-1 
1-1 1-1 1-1 1-1 1-1 1-1 2-2 2-1 1-1 1-1 
1-1 1-1 1-1 1-1 
1-1 	 1-1 1-1 2-2 2-2 2-2 1-1 
2-2 1-1 1-1 1-1 2-1 	1-1 1-1 2-2 1-1 
1-1 1-1 I-1 1-1 1-1 1-1 
1-1 
1-1 1-1 1-1 	2-2 2-2 1-1 	1-1 
1-1 1-1 1-1 1I 	1-1 1-1 Scrophulariaceae 1-1 1-1 
Table 14. A summary of the numbers of families, genera, and "typical" vernal pool species in each of 
the ten vernal pools on the Santa Rosa Plateau, California. Genus/Family and Species/Genus 
ratios are also presented. 
B1 B2 B3 B4 B5 B6 Cl C2 C3 C4 Mean Total 
# of Families 	17 	16 	12 	11 	17 	17 	20 	20 	17 	19 	16.6 	21 
# of Genera 	19 	18 	14 	13 	21 	21 	24 	25 	20 	22 	19.7 	28 
# of Species 	25 	23 	15 	15 	26 	•27 	30 	32 	25 	26 	24.4 	.37 
Genera/Family 1.12 1.13 1.17 1.18 1.24 1.24 1.20 1.25 1.18 1.16 1.19 	1.33 
Species/Genus 1.32 1.28 1.07 1.15 1.24 1.29 1.25 1.28 1.25 1.18 	1.23 	1.32 
Area (ha) 	1.43 	.07 	.30 	.25 	.50 1.63 2.32 10.16 	.82 1.87 
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is the most endangered. It is only found in small numbers in limited 
locations. It is totally endangered and approaching extinotion. Eryn-
gium aristulatum's occurrence is confined to several populations in 
southern California and is considered partly endangered. Brodiaea  
orcuttii is rare and partly endangered but its situation is not as 
critical as the preceding two. The Santa Ana Mountains represents the 
termination of its northernmost distribution (Lathrop and Thorne, 1978). 
All three species are rare outside of California. 
Table 14 presents data on species/genus and genus/family ratios, 
which give an indication of taxonomic diversity. The total area for 
each pool is also listed. There seems to be no correlation between 
these ratios and area as has been suggested in some previous literature 
(Simberloff, 1974). The ratios remain fairly constant throughout the 
pools and are quite low. 
The only correlations of species presence or absence found in the 
pools involved two species. Elatine chilensis Gay. was not found in the 
four vernal pools with the highest silt content (B3, B4, C3, and CO. 
Whether or not any significance can be attached to this depends on future 
research. Ranunculus aquatilis L. var. capillaceus (Thuill.) DC. was 
only found in three pools. Those three pools were found to be the deepest 
and longest inundated of all the study pools. 
Another interesting observation involved Downinlia bella Hoover and 
D. cuspidata (Greene) Greene. D. 	data was found in only one pool 
without D. bella (B3). , All of the other pools had both species together 
except for B4 where neither was present. Both species seemed to be 
intermingled in their common pools with D. c'4§21.4ata dominating some 
stands and D. bella dominating others. During the course of this study 
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D. bella was found for the first time in southern California. The 
Santa Rosa Plateau is the only presently known location where it occurs 
in southern California. 
Appendix A lists all of the plant species found in the vernal pools 
of the Santa Rosa Plateau. 
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Species list with authorities 
for the Santa Rosa Plateau vernal pools 
Lycopsida 
Isoetaceae 	 Isoetes howellii Engelm. 
I. orcuttii A. A. Eat. 
Pteropsida  
Marsile• 	 aceae 	Marsilea vestita Hook. and Grey. 






Eryngium aristulatum Jeps. var. parishii  
(C. & R.) Math. & Const. 
Blennosperma nanum (Hook.) Blake. 
Cotula coronopifolia L. 
Gnaphalium purpureum L. 
Hemizonia paniculata Gray subs p. paniculata  
Hypochoeris glabra L. 
Lasthenia chrysostoma (F. & M.) Greene. 
Layia platyglossa (F. & M.) Gran subsp. 
campestris Keck. 
•Microseris linearifolia (DC.) Sch.-Bip. 
Psilocarphus brevissimus Nutt. 
Boraginaceae 	 Plagiobothrys nothofulvus (Gray) Gray. 
P. undulatus (Piper) Jtn. 
Brassicaceae 	 Lepidium nitidum Nutt. - 
Callitrichaceae 	Callitriche longipedunculata Morong. 
C. marsinata Torr. 
Campanulaceae 	Downingia bella Hoover. 
D. cuspidata (Greene) Greene. 
Caryophy laceae 	Stellaria media (L.) Cyrill. 
Crassulaceae 	Crassula aquatica (L.) Schoenl. 
C. erecta (H. & A.) Berger. 
Elatinaceae Platine caliiontica Gray. 
E. chilensis Gay. 
    
87 
Fabaceae 	Medicago polyr=pha L. 
Trifolium amplectens T. & G. [var. truncatum  
(Greene) Jeps.] 
Trifolium variegatum Nutt. in T. & G. 
Lythraceae 	• Lythrum hyssopifolium L. 
Plantaginaceae Plantago 	e1ovii Gray subsp. californica 
(Greene) Bassett. 
P. erecta Norris. 
       
Polemoniaceae 	Linanthus dianthiflorus (Benth.) Greene 
subsp. dianthiflorus 
Navarretia intertexta (Benth.) Hook. _  




Rumex crispus L. 
Calandrinia ciliata (R. & P.) DC. [var. 
meniesii (Hook.) Macbr.] 
Montia fontana L. subsp. amportiana Sennen. 
Anagallis arvensis L. 
A. minima (L.) E. H. L. Krause. 
lyosurus minimus L. (var. apus Greene). 
Ranunculus aculatilis L. [vat. capillaceus  
(Thuill.) DC.] 
Ranunculus californicus Benth subsp. calif-
ornicus  
Mimulus zyttatus Fisch. ex DC. subsp. 
RlIctatus  
Orthocarpus densiflorus Benth. [incl. var. 
gracilis (Benth.) Keck] 
Veronica peregrina L. subsp. xalanensis (H. 




Cyperaceae 	Eleocharis acicularis (L.) R. & S. [incl. 
radicans (Poir.) Kunthl 
E. macrostachya Britt. in Small 
E. montevidensis Kunth [var. parishii (Britt.) 
V. Grant] 
•••• 
Juncaceae Juncus bufonius L. 
J. If.112zz4i Engelm. 
J. sphaerocarpus Nees. in Funk. 





Lilaea Seilloides (Poir.) Haum. 
Brodiaea orcuttii (Greene) Baker. 
Alopecurus howellii Vasey. 
Deschampia danthonfoides (Trin.) hunro ex 
Benth. [var. gracilis (Vasey) Munzi 
Orcuttia californica Vasey. 
Phalaris caroliniana Walt. 
Poa annua L. 
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APPENDIX B 
Soil texture data for four positions along 
the soil moistureimicrotopographic gradient 
A 
   
    
% Sand 
% Silt 







15.8 	17.8 	13.8 	13.8 
13.8 21.8 17.8 13.8 
44.36 	30.36 	24.36 	30.36 
26.36 26.36 22.36 28.36 
39.84 	51.84 	61.84 	55.84 
59.84 51.84 59.84 57.84 
